Formal neuropsychological testing of patients with neurological disorders has been accepted for some 40 years or more as contributing valuable information to their diagnosis and treatment. The emphasis of neuropsychological assessments has shifted somewhat over the years-and their role now includes the provision of a functional description of the patient's cognitive strengths and weaknesses, the identification of rehabilitation goals and the establishment of baseline measures against which to evaluate the effects of pharmacological, neurosurgical or radiological measures.
The neuropsychological approach of particular relevance to the assessment of temporal lobe epilepsy (TLE) patients is the delineation of cognitive deficits associated with a particular brain lesion. Consequently, neuropsychological assessments ofTLE patients have generally focused on the assessment of memory, in view of the body of knowledge which has accumulated concerning the role of temporal lobe structures (in particular temporal neocortex, hippocampus and amygdala) in learning and memoryv". Such knowledge has accumulated largely from the study of memory in patients who have undergone temporal lobectomy (TL) for intractable epilepsy.
The earliest suggestion that the temporal lobes were critically involved in human memory dates from a report by Bekhterev' who described a patient who had exhibited a severe memory impairment and who on autopsy was shown to have bilateral softening in the region of the uncus, hippocampus and adjoining medial temporal cortex. In the 1950s, the importance of the hippocampus and amygdala in human memory was clearly demonstrated in patients with bilateral damage. Scoville & Milner's patient" HM is the most extensively studied, having now been followed up for more than 30 years. In 1953 a bilateral medial temporal lobe resection, for intractable epilepsy, produced a severe anterograde memory impairment in this man, which has persisted with little improvement to this day. He is impaired in any memory test where there is a delay between the presentation of material and its recall, especially if given an interpolated distractor task. New motor skills can be acquired, and other instances of procedural learning have been documented's". At least one other patient has been described whose severe memory deficits were attributed to bilateral hippocampal damage'.
The evidence concerning memory impairment in patients with unilateral temporal lobe lesions has also come, for the greater part, from neurosurgicallytreated patients. Attempts have been made to relate memory deficits to the extent of hippocampal and neocortical removal. -Iones-Gotman" compiled a table of tasks eliciting material-specific memory deficits after unilateral TL, classifying results according to whether small or large hippocampal excisions were performed. Three patterns of results emerge after TL. Firstly there are tasks on which the deficit is not exacerbated by encroachment on hippocampal tissue. In a second subgroup, there are tests sensitive to both large and small hippocampal removals, with the large excisions producing greater deficits than the smaller ones. In the third subgroup, deficits are only found with large hippocampal removals.
Jones-Gotman's summary of data reflects the well accepted pattern of material-specific memory deficits seen after left and right TLs with in general, verbal learning and memory affected by a left TL and nonverbal learning and memory by a right TL9-17.
Clearly, when conducting a neuropsychological assessment on non-operated patients however, it is uncertain whether the effect of hippocampal or more widespread pathology is being measured. Thus to some extent the assessment leads to the description of the functional abilities of patients, in the context of what else is known on the basis of history, EEGs, scans, medication, etc. It is well accepted that a combination of neuropsychological tests is more effective than any single test in detecting organic dysfunction, and the use of many tests for the patients may be especially important as such patients may only show subtle, if any, overt indications of cognitive impairment. Although reports may exist of single, particularly sensitive tests with the patients!", it is still preferable to administer a selection of tests in order to demonstrate that a circumscribed area of dysfunction exists.
As indicated by Rausch19, interpretation of neuropsychological assessment results in a complex, multistage process. Absolute test scores do not reveal the complete picture, although raw or derived scores must indeed be related to age and IQ normative data, so that an initial impression can be gained of which scores are impaired. The pattern of scores obtained on a variety of tests must then be examined to see whether a subgroup of scores suggest impairments in specific functions. This is in order to be able to identify the key impairment. For example, a low score on a test of auditory verbal memory may be explained by deficits in verbal memory, auditory comprehension attention or learning, and the use of multiple tests may reveal the underlying deficit. The qualitative nature of the patient's responses must also be considered. For example patients with either left temporal or left frontal lobe impairment may perform poorly on a verbal learning task, although the pattern of impairment will differ. Correct interpretation of results therefore depends on clinical experience of patients with varying pathologies. Although not included by Rausch-", patient-related variables other than age and IQ may also be relevant to neuropsychological interpretation. In particular, seizurerelated variables, such as age of onset and duration of seizures, and seizure frequency will be shown below to be of considerable importance in evaluating test scores.
Intellectual assessment: IQ measures Although much of the emphasis of neuropsychological evaluations of TLE patients has been on memory functions, the intellectual level of such patients as measured on IQ tests, and the discrepancy between Verbal and Performance IQ on the Wechsler scales have attracted much attention. In unselected groups of epileptic patients the mean IQ falls within or just below the normal sample, unless epilepsy is associated with more widespread brain damage'", Even in selected groups, such as a series of 59 patients undergoing unilateral TL for intractable epilepsy, preoperative Performance and Verbal IQs were within the normal range and did not differ significantly between the right and left sided pathology groups-': this reflects, however, the bias in patient selection for surgery since an IQ ofless than 70 will contraindicate surgery as it may reflect the presence of generalized brain damage.
Debate exists as to whether IQ tests are particularly informative about cognitive functioning in epileptic patients 20 • 22 unless one takes into account factors other than the derived scores. This is because any factor such as medication or subclinical epileptic activity which decreases the speed of performance and efficiency of information processing is likely to depress scores on the timed, Performance subtests. In addition, at high values of Full Scale IQ, Verbal IQ is likely to be greater than Performance IQ whereas the converse applies for low values of Full Scale IQ. In preference to global statements about Verbal-Performance IQ differences in epileptic patients, one should look instead at measures of learning and memory to begin to obtain meaningful information about the cognitive functioning in patients with TLE.
Learning and memory
Evidence has amassed which associates memory deficits with temporal lobe foci, in unoperated patients, although findings are not always consistent, and most data have been collected on patients with refractory seizures who were undergoing temporal lobe surgery.
For example, Quadfasel & Pruyser'" reported no relationship between verbal memory deficit in TLE patients and the lateralization of the focus, although only six of the 30 patients had consistently unilateral spike discharge on the EEG. Glowinski'" also failed to establish a significant relationship between the side of lesion and impairment in verbal and non-verbal memory, although for many individual cases the predictions held in the expected direction. Berent et al. 25 were unable to detect non-verbal memory deficits in patients with right sided temporal lobe foci, which may reflect the natural tendency to verbalize the stimulus material and the difficulties in devising tasks which cannot be verbalized l ,16.26.27. Loiseau et al. 28, 29 failed to report differences between right and left TLE patients on tests of verbal learning and memory. They explained their initial findings on the Journal of the Royal Society of Medicine Volume 84 August 1991 461 basis of having used too simple test materials; but there was still no effect of lateralization of epileptic focus on memory tasks when a more complex test battery was used.
On a more positive note, Ladavas et at. 30 found that whilst short-term memory tasks failed to distinguish between the performance of right and left TLE groups, long-term memory tasks did, and in the predicted direction. Similarly, Delaney et al. 31 reported that whilst differences were not apparent between right and left TLE on the immediate recall of materials, they were detected on delayed recall. This was a well-designed study, with patients matched on age at onset of epilepsy, duration of epilepsy and seizure frequency. Theirtests included the Logical Memory stories, word list learning and the visual reproduction items ofthe Wechsler memory Scale 32 • Mungas et al. 18 described the use of a verbal learning test, similar in structure to the Rey Auditory Verbal Learning Test 33 • This was administered to left TLE, right TLE and control subjects, with TLE defined on the basis of EEG findings. Performance was similar for all three groups during the immediate recall/learning trials. The performance of the left TLE groups, however, when averaged across three delayed recall trials (free recall, phoneme cued recall and semantic cued recall) was poorer than that of the other two groups. Hermann et at. 34 reported poor verbal learning ability, impaired immediate memory and increased difficulty in the retrieval of verbal material as well as poor semantic organization in the new verbal learning and recall by left TLE patients whereas right TLE patients performed nearly as well as controls. Agnetti et at. 35 had also demonstrated verbal learning deficits in patients with left temporal foci though no significant between-groups differences existed on non-verbal retention tests.
In view of the emphasis placed earlier on the examination of pattern and quality of scores when interpreting the results of a neuropsychological study, Mayeux et at. 'S36 study is of interest. They proposed that what patients and their relatives may experience as an interictal memory impairment may actually be an anomie deficit. The performance of 14 left TLE, seven right TLE and eight patients with generalized tonic-clonic seizures was compared on the WAIS, the Wechsler Memory Scale, the Benton Visual Retention Test 37 , the Rey Osterreith figure and on two naming tests, including the Boston Naming Test 38 • No between-groups differences were observed on the memory tests, but the left TLE patients performed very poorly on the confrontation-naming tests. Several measures of verbal learning and memory and intelligence were highly correlated with naming test scores.
The studies raise the possibility that methodological factors may be important in determining whether positive or negative findings are reported in a study. The detection of a deficit may depend upon whether the test is sensitive enough to detect it, as well as whether or not the deficit exists in the first place. In addition, as stressed earlier and highlighted by Mayeux et at.'s study, the demonstration and interpretation of a deficit will be determined partly by the range of tests administered. It may well be necessary to move from the use of traditional standardized tests, which were not developed for use with this population, to more 'experimental' tests which may have a more theoretical basis and which may, as in the case of Mungas et af.'s study throw more light on the role of temporal lobe structures than will global measures of memory, such as are obtained using the Wechsler Memory Scale, for example.
Effect of some patient characteristics on cognitive status Neuropathology
Since specific details concerning neuropathology only become available following surgical intervention little attention has been paid to the role of neuropathology in determining cognitive status. Recently, however, neuropathological findings were related to the preoperative cognitive status of 40 Maudsley Hospital operated TLE patients-", Neuropathological findings were subdivided into hippocampal sclerosis (HS), other, tumour-like malformations (OP) and nonspecific findings (NS). HS was associated with febrile convulsions, an earlier onset of regular seizures and poorer preoperative intelligence, when compared with the other neuropathological groups. This was irrespective of the ultimate side of operation and held for Verbal and Performance IQ. For preoperative memory measures, there was an interaction between pathology and ultimate side of operation. Thus the left and right TLE case with HS scored at the same level on the immediate recall of the Logical Memory stores. The left TLE cases with OP had a poorer (below average) level of recall whereas the right TLE cases had an above average level of immediate recall. A similar pattern was found for the delayed recall measure. This interaction did not apply to the delayed recall of the Rey figure. For the NS group, verbal IQ was within the average range and lay mid-way between the scores of the HS and OP groups. The NS group scored similarly to the HS group on delayed recall of the Rey figure, with the scores being somewhat lower than for the OP group.
Finally, of the 40 patients, 13 showed amygdalar damage. These patients were compared to those without such damage, and no differences were found for any verbal or non-verbal test preoperatively.
Thus McMillan et af. 'S39 study suggests that patients who had febrile convulsions, and later developed TLE may well be expected to show intellectual impairments when tested as adults. The possible interaction between the longer term effect of seizures and the presence of HS, neither of which can be dissociated from occurrence of febrile convulsions, make it difficult to decide on the cause of the lower preoperative IQ in this group. Increased severity of brain damage, a greater possibility of bilateral impairment and reduced capacity for functional reorganization might occur in patients with a longer duration of intractable epilepsy. McMillan et al. 's observations for the OP group, whereby the presence of a left temporal lesion was associated with especially poor verbal memory, permits the teasing apart of the earlier findings-! of no preoperative differences on memory measures, where scores of all subjects, irrespective of pathology were pooled. In the OP group, onset of epilepsy was likely to have occurred when functions were already localized and fully functioning tissue is likely to have been affected by the disease process. Thus, in considering the presence of material specific memory deficits of TLE patients, the underlying cause of the epilepsy must be taken into account.
Seizure type and frequency
As already noted, early age at onset of seizures appears to have a poorer prognosis with regard to intellectual ability, at least in those people who come to surgery as adults. There is some consensust? that generalized seizures will produce impaired cognitive functioning, either for the duration of their spikewave abnormality, or in comparison with patients who suffer from partial seizures'! (cf. refs 28 or 29 as far as memory is concerned). Frequent absence seizures may disrupt school performance and lead to educational underachievement.
Seizure frequency appears to be related to cognitive status'". Dikmen and Matthewsv' noted that a group of patients with a high frequency of motor seizures performed more poorly than patients with low seizure frequency on a variety of tasks, mainly from the WAIS and the Halstead Reitan battery. The worst scores however were in patients with a long seizure history and early age at onset. Decrease in seizure frequency has been seen to be related to improvements on IQ and memory tests, over a test-retest interval 43 ,44 . The relationship between the frequency of generalized tonic-clonic seizures and a variety of psychological variables has been examined in a large sample of epileptic patients'", An episode of status epilepticus or more than 100 individual convulsions were associated with decreased functioning in a number of areas. Wilkus and Dodrill 46 noted that a group of patients with generalized EEG discharges performed poorest on a battery of psychological tests. In general, those with discharges occurring at a rate of more than one per minute did worse than those with fewer discharges. Thus, frequency of generalized seizures is an important variable affecting cognitive processing and the rate of interictal EEG activity may also correlate with cognitive impairment.
The rate of interictal discharges is relevant for partial as well as generalized epilepsy. Binnie-", reviewing evidence that sub-clinical spike-wave discharges may affect performance on cognitive tests, indicated that the demonstration of such transitory cognitive impairment (TCl) depends on the psychological test employed and the nature of the EEG discharges. Intellectually demanding tests, which require high rates of information processing, are those most likely to permit the effects ofTCI to be seen. Tel is also most often demonstrable during prolonged generalized, symmetrical and regular spike-wave discharges at about three per second. TCI has also now been shown to occur in focal epilepsy, and a significant association has been demonstrated between the locus of discharges and impairment on verbal and nonverbal tasks (which were affected by left and right sided discharges respectively). Discharges during stimulus presentation, rather than in the response phase, were most disruptive of performance. TCI was demonstrated most readily when the level of task performance was close to the patient's individual limit. Binnie and associates have demonstrated the effects of subclinical discharges in children during performance on a general intelligence test and formal scholastic ability48,49.
Such findings should therefore call into question the validity of findings from neuropsychological testing of patients with TLE, unless one takes into account the possible effects of TCI. The practical difficulties, which include the time taken to analyse EEG/video telemetric data, necessary to evaluate the presence and effects of TCI on routine neuropsychological assessment mean that for the most part, the role of TCI in determining neuropsychological test scores is uncertain. Careful observation of the patient during testing may however provide some impression of whether cognitive functioning is being disrupted spasmodically in any way.
Anticonvulsant medication
Details exist of the relative effects of different anticonvulsants on a range of neuropsychological functions, derived from studies of drug effects both in patients and normal volunteers (see reviews, refs 20, 50) . In general studies have contrasted the least detrimental effects of carbamazepine with the more harmful effects (in terms of effect on cognitive ability) of phenytoin, with phenobarbitone and clonazepam being associated with the phenytoin end of the spectrum, and sodium valproate seeming to effect cognitive functioning somewhere in between. Factors such as blood serum level and poly versus monotherapy need also to be taken into account when evaluating cognitive performance-".
Interpretation of between groups differences on neuropsychological measures with respect to patient characteristics
The importance of patient characteristics, and in particular those related to epilepsy, in evaluating between group differences on measures of cognitive functioning will be demonstrated on preoperative neuropsychological assessment results of 50 adult patients under the care of C E Polkey who have undergone surgery for TLE since April 1987, at the Maudsley Hospital. Patients ultimately underwent either a right or left temporal lobectomy (TL) or a right or left amygdalohippocampectomy (AH) the latter having been reported to be likely to produce less cognitive impairment than the traditional en bloc resections! and being an operation for patients for whom the epileptic focus can be clearly localized in mesial temporal lobe structures rather than in temporal neocortex'<. Patient characteristics are displayed in Table 1 .
Journal of the Royal Society of Medicine Volume 84 August 1991 463
Again it must be noted that these are highly selected groups of patients, in whom there is no indication of generalized brain damage, and differ from Powell et al.' s21 sample in that the AH operation has only been performed relatively recently at the Maudsley. The tests administered include a short form of the WAIS-R53, the Logical Memory Passages and verbal paired associates from the Wechsler Memory Scale, the Rey figure'<, the Benton Visual Retention Test, digit span (from the WAIS-R) and a spatial span test, derived from the Corsi block tapping task 55. All results here relate to preoperative scores.
For prorated Verbal IQ, there are no significant effects of side ot operation, even when age at onset of epilepsy, age at surgery, time between onset of epilepsy and surgery and the frequency of preoperative complex partial seizures per month are included as covariates in analyses of covariance (ANCOVA). A similar pattern of results is obtained for prorated Performance IQ. Thus as with the earlier Maudsley series, Verbal and Performance IQ provide little information concerning the presence of a right or left temporal lobe focus. A measure derived from the IQ variables, a contrast between the Verbal and Performance IQ scores 53, if subjected to simple analysis of variance (ANOVA) or ANCOV As taking into account seizure-related variables fails to yield any significant main effects or interactions. This is equally true for a measure termed General Ability IQ, similar but not identical to Full Scale IQ53.
ANOVA of the immediate recall score of the Logical Memory Passages yields a significant interaction between the type of ultimate operation and side of surgery (F(1,44)=5.32, P=0.024). Thus the ultimate right AH group scored lower than did the right TL group, whereas the ultimate left AH group scored higher than did the left TL group. These interactions remain when epilepsy-related covariates are included in the analyses, so these particular patient-related variables cannot account for the significant sidexoperation interactions. The side x operation interactions approached but did not reach statistical significance for any analysis, for the delayed verbal recall measures. As with Powell et al.'s21 data then, preoperative verbal memory scores, as compared simply for side of focus did not distinguish between groups of TLE patients. It may be that the different distribution of neuropathology reported for the AH and TL groups (see Table 1 ) holds the explanation to these interactions, although numbers are too small to permit meaningful statistical analyses to be performed to test this hypothesis. An ANOVA on scores of verbal paired associate learning, not considered by Powell et ai. 2 1 failed to yield significant main effects or interactions. This was also the case for the ANCOVAs incorporating the epilepsy-related variables.
Similar findings to those of Powell et al. 21 were obtained for the percentage recall of the Rey figure in that no between groups differences were detected.
On the Benton Visual Retention Test, a test of immediate visuospatial recall, two raw scores can be derived, a correct score, and an error score. For a simple ANOVA on correct scores, the side xoperation interaction was a significant (F(l,44)=7.66, P=O.008). A similar result was obtained when the epilepsyrelated variables were included as covariates in the analyses. A similar sidexoperation interaction was found for the error scores (F(l,44)=5.27, P=O.026) and this was also significant both for raw scores alone and with the various covariates included, the inclusion of seizure frequency as covariate producing the highest level of significance (F(l,44)=7.28, P=O.Oll). Thus again these results cannot be explained by the seizurerelated variables, and suggest that other factors such as neuropathology may be important determinants of these effects.
For digit span forwards, no main effects were found until preoperative seizure frequency was included as a covariate, when the side x operation was significant (F (1, 32) =7.58, P=O.Ol). No main effects or interactions were found on simple ANOV As or ANCOVAs on measures of spatial span, using the Corsi block tapping task, either forwards or backwards.
Thus from an assessment of an albeit highly selected group it can be seen that it is not particularly easy to elicit differences that reflect the side of the epileptogenic focus. Where differences were elicited they were generally of the nature of side xtype of ultimate operation, rather than reflecting clear leftright differences, and one significant interaction only became apparent when an epilepsy-related variable was included in the analyses as a covariate. Thus looking for simple between-groups differences in patients with either left or right temporal lobe foci may be an oversimplification of the differences between patients, and epilepsy-related variables must be taken into account. Although it is not currently possible to verify the hypothesis that underlying neuropathology may in part determine level of cognitive functioning, this is strongly suggested both by current observations and those of McMillan et ai. 39 • 
Conclusions
Test sensitivity, range of tests administered and patient characteristics determine whether materialspecific memory and other cognitive deficits will be detected in patients with TLE. At present memory tests and possibly some tests of language functioning must continue to offer a major tool in assessing patients with TLE, but more theoretically-based experimental measures must continue to be developed'". Neuropsychological assessment results must be interpreted within the context of a model of cognitive functioning in TLE, and at present, the model proposed by Powell et ai. 2 1 and McMillan et al. 39 is of value, stressing as it does the importance of neuropathology, age of onset of epilepsy and frequency of seizures. Cognitive investigation ofTLE therefore should in some respects be an interdisciplinary process in that the data gathered by different disciplines in the general work-up of the patient must be taken into account in the interpretation of neuropsychological test results.
